Introduction
Cardiovascular diseases are a burden for all health care systems, especially in the Western world. As such, guidelines strongly recommend predicting cardiovascular risk and tailoring preventive efforts accordingly.
1,2 Shared decisionmaking between patients and health professionals is increasingly becoming the norm for health-related decisions. Studies have shown that increased participation in the decisionmaking process leads to greater satisfaction on the part of both doctors and patients and to better adherence and clinical outcomes. 3, 4 Chronic conditions, such as cardiovascular disease, require information for lifestyle changes leading to early prevention, and when needed lifelong treatment. In developed countries, adherence to long-term therapies is only around 50%. Nonadherence can lead to increased morbidity, premature mortality and increasing costs for health care. 5 Therefore improving adherence to treatment or lifestyle changes is an important goal for health care providers. The World Health Organization describes adherence as "… the extent to which a person's behavior, [ie] , taking medication, following a diet, and/or executing lifestyle changes, corresponds with agreed recommendations from a health care provider". 5 Decision aids are designed to help patients make informed choices by delivering evidence-based information on options and outcomes, eg, regarding cardiovascular events. 6 They typically cover diagnostic, therapeutic, and preventive decisions, and are also able to inform the counseling process, as they can be delivered in different formats before, during, or after the consultation. 7 Furthermore, they have been found to be appropriate tools for increasing adherence by improving risk communication and shared decision-making. 8 Decision aids usually provide individualized absolute risk estimates for a limited time, such as 10 years. This format has been criticized, even by guidelines, 2 for underestimating high-risk constellations in younger patients. [9] [10] [11] Although this patient population may have unfavorable risk profiles, since their absolute risk is still low, this does not become obvious and an opportunity for early intervention may be missed. 9 To overcome this problem, using lifetime-risk and time-toevent (TTE) formats have been suggested. 1, [9] [10] [11] [12] [13] These formats were developed and assessed within the OptRisk trial 14, 15 as part of Arriba, a computerized decision-aid software. 16 Arriba is well-established in Germany, 17 and is being introduced in other European countries. Within Arriba, the calculation of absolute cardiovascular risks is based on the Framingham risk algorithm. 16 The TTE displays evaluated in this study are based on a Markov model, which was constructed for the purpose of our study (unpublished data). It has been tested extensively and found to be a valuable tool in primary-care practice. [18] [19] [20] [21] Further details regarding Arriba, the new riskrepresentation format, and the data set behind their use have been published elsewhere. 14, [18] [19] [20] [21] At the end of the OptRisk trial, the highest-rated TTE representation ( Figure S1 ) was compared with the most popular 10-year display ("emoticons", Figure S2 ) within a randomized trial.
14 Within this trial, patients were consecutively recruited by their GPs. Immediately after giving their informed consent, patients were randomized to consultation with the emoticons or the TTE illustration. GPs entered a study ID into the decisionsupport software, which automatically allocated each patient into one of the two conditions according to an a priori randomized sequence. GPs learned about each patient's allocation by the illustration displayed by the software. They then started a discussion with their patients on the basis of the allocated display, ie, either emoticons or TTE. After the consultation, patients were asked to fill in a questionnaire covering immediate-outcome assessments. GPs recorded the decision made, such as specific medications, dose adjustments, behavioral measures, or no change at all. 14 It was demonstrated that the new TTE illustration is not inferior in comparison with the well-established emoticons regarding the primary outcome "participation in the shared decision-making process". Furthermore, the noninferiority of the innovative TTE could be confirmed for all secondary outcome variables, eg, decisional conflict and perception of risk. The explorative analysis even indicated advantages in younger patients (,46 years of age), especially with regard to perception of risk and decisional conflict. 15 The patients' willingness to take preventive actions, ie, weight loss, smoking cessation, antihypertensive drugs, and diet, is one thing; sticking to these healthier behaviors is another. In this paper, we present follow-up data gathered 3 months after the initial consultation, in order to assess the adherence of behavioral change activities patients had agreed upon, as well as to explore changes in perception over time, depending on the risk representation applied. 
Methods

Design and setting
Patient recruitment
As previously described, 14 patients were eligible for the study if they were aged 30-80 years and their GP felt a need to discuss behavioral change regarding cardiovascular risk. This age range was chosen because data on cardiovascular morbidity and mortality were available for this population. The need to discuss behavioral change could have been, for example, the biannual health check, "CheckUp 35+", offered to adults .35 years every 2 years, a disease managementprogram consultation, done every 3-6 months, or a discussion of medication after specialist consultation or hospital discharge. Patients were also eligible if they addressed cardiovascular risk and possible prevention themselves. This could include interventions like exercise, cessation of smoking, taking medications (statins, low-dose aspirin, antihypertensive drugs, or dose adjustments), or dietary changes. Patients were excluded from the study if they were (according to the judgment of the GP) significantly mentally retarded and thus not able to follow a shared decision making-based consultation on their cardiovascular risk, had no interest in taking an active part in the decision process, or had insufficient knowledge of the German language. Patients who fulfilled the inclusion criteria at baseline were invited to participate, and if they agreed, enrolled in the study. After the baseline visit, patients were informed that a member of the study team would get in touch for a telephone interview after 3 months.
interventions
Patients were contacted for a telephone interview 3 months after the initial recruitment by a well-instructed study nurse. They were asked if they were able to remember the appointment at their GP's practice within the frame of the study. They were then asked for further details regarding the content of the counseling talk with Arriba, ie, which preventive actions both doctor and patient agreed upon. Initially, patients were randomized to consultation with the TTE illustration ( Figure S1 ) or the emoticons ( Figure S2 ). GPs entered a study ID into the decision-support software, which automatically allocated each patient into one of the two decision-aid formats according to an a priori randomized sequence. GPs learned about each patient's allocation by the illustration displayed by the software. They then started a discussion with their patients on the basis of the allocated display, ie, emoticons or TTE.
Primary outcome
The main objective of the study was to evaluate the performance of the new TTE illustration in comparison with the emoticons regarding their impact on patient adherence to the behavioral change interventions that the patient had agreed upon in the consultation 3 months prior to the interview. To measure adherence, a score was developed by the study group, as no validated instrument was available for the purpose of our study. For each item, a distinction was made according to whether a patient had been completely adherent, partially adherent (which could mean that the patient started with adherence, but did not adhere to all of the criteria completely), or nonadherent (the patient did not adhere to the behavioral change or intervention at all). We labeled the grade of adherence as 2= fully adherent, 1= partially adherent, and 0= non-adherent.
In the end, total values were added and divided by the number of interventions to make a score, which might range between 0 and 2. The higher the score, the more adherent the patient. We finally classified the scores as ,1= nonadherent, 1= partly adherent, .1-,2= predominantly adherent, and 2= fully adherent.
secondary outcomes
In the wider context of adherence, we also evaluated to what extent patients remembered the behavioral change interventions they had agreed upon, as this is a precondition to being adherent. In addition, we evaluated several secondary end points. Patients were shown two visual analogue scales: first to rate the importance of avoiding a cardiovascular event, and second to estimate their own cardiovascular risk (perception of risk). Both scales ranged from 0 (no risk/not important) to 10 (maximum risk/maximum importance). These results were compared with patient estimates immediately after the consultation at baseline (t 0 ), ie, 3 months prior. Furthermore, numeracy was assessed using two statistical questions in the structured telephone-interview guideline. Thereby, we investigated the ability of participants to understand health information to improve the evaluation of our results. This is to estimate to what extent information given about health is well-perceived and understood. We chose two questions suitable for a structured telephone interview from Lipkus et al 22 and slightly adjusted these to our research topic on risk communication of cardiovascular diseases (Question 1 -Which of the following numbers represents the biggest risk of getting a disease? a) 1 in 10, b) 1 in 100, c) 1 in 1,000; Question 2 -Which of the following represents the biggest risk of getting a disease? a) 1%, b) 5%, c) 10%).
statistical analyses
All statistical calculations were performed with IBM SPSS. 23 Patients' characteristics are demonstrated by means ± SD for metric variables and frequencies and percentages for categorical variables. Student's t-test was used for comparisons between patient groups regarding primary and secondary outcomes. In order to examine the importance of the differences between the two graphic renditions, effect sizes (Cohen's δ ) were calculated. 24 We compared the two illustrations with respect to one primary outcome variable, adherence, and additionally to several secondary outcome variables (eg, numeracy as a proxy for health literacy, risk perception, and the importance of avoiding a cardiovascular event). Results for risk perception and importance of avoiding a cardiovascular event were compared with results at baseline by means of paired t-tests. SPSS Crosstabs with χ 2 or Fisher's exact test were used to compare the categorical (binary) variables between treatment groups. In line with the exploratory nature of the tests concerning the secondary outcome variables, we applied no α-correction for multiple testing.
Results
A sample of 304 study participants (Figure 1 ) was recruited by 32 GPs in 28 practices. An average of 9.5 patients (range three to 15) per GP were enrolled. Of the 304 study participants who were initially enrolled, 294 took part in the Table 1 . Both study arms were well balanced regarding sociodemographic and clinical variables.
Primary outcome
A total of 294 patients agreed upon zero to six possible interventions. These interventions include exercise, smoking, taking medications (statins, low-dose aspirin, antihypertensive drugs, or dose adjustments), or dietary changes, and did not differ between the study arms ( Figure 2 ). Fourteen patients were excluded from the adherence analysis, as no behavioral change intervention was agreed upon during the consultation. For instance, a total of 280 patients were analyzed, with a mean of 1.0417±0.412 interventions agreed upon and a median of 1. Only half the population were able to remember fully the agreement that was made with the GP, while 35% were able to recap parts and about 15% did not remember any intervention having been agreed upon. With regard to risk representations, no significant difference was demonstrated, with a mean for emoticons of 1.04±0.44 and that for TTE representation of 1.05±0.39. In addition, an exploratory analysis showed that in the emoticon group, the number of intervention had a significant impact on the adherence score (P=0.025), whereas there was no systematic pattern notable (eg, the fewer interventions the higher the score). In the TTE group, the number of interventions discussed had no significant impact on adherence score ( Table 2 ). The frequency distribution for the adherence score showed that the majority of patients were partly adherent at least one firstdegree relative with coronary heart disease before age 55 years (men) and 65 years (women); *gPs had used Arriba. Abbreviations: gP, general practitioner; hDl, high-density lipoprotein. 
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Adarkwah et al ( Figure 3 ). Full adherence was rare. Overall, the risk representation had no significant impact on adherence in our study.
secondary outcomes
The perception of risk was significantly higher in the TTE group than the emoticons group (P=0.032) 3 months after the initial consultation. In addition, the effect size was δ=0.25, which represented a small effect. Assuming that higher risk perception is a precondition for adherence and behavioral change, the TTE representation was superior in comparison with the emoticons. In comparison with the baseline results, obtained immediately after the consultation, there was no significant change at 3 months in the emoticon group, whereas the perception of risk had decreased significantly at 3 months in the TTE group (P=0.02). Despite this decrease, perception of risk in the TTE group at the follow-up was significantly higher than that in the emoticon group. Next, the importance of avoiding a cardiovascular event was rated highly in both groups (Table 3) . Furthermore, this importance increased significantly over time (P,0.0005) in both groups. Finally, patient numeracy was assessed as a proxy for health literacy. Spearman's correlation between numeracy and adherence score was ρ=-0.086 (P=0.178). Altogether, 273 of 294 patients agreed to answer the questions regarding numeracy (93%) at the end of the interview: 38.8% answered both questions regarding numeracy correctly, 32.2% gave at least one correct answer, and 28.9% gave two false answers.
Discussion
Regarding our primary outcome, adherence, there was no significant difference between the emoticon group and the TTE group. It was obvious that a majority of patients were adherent in parts. We can only speculate why this is the case. After all, almost all patients remembered the consultation at their GP's office about cardiovascular risk 3 months before (290 of 294 patients). However, only half the population were able to remember fully the agreement that had been made with the GP, while 35% recapped parts and about 15% did not remember any intervention having been agreed upon. Logically, it is not possible to be adherent to something patients do not even think about. This problem could be solved, eg, by making a written note for the GP and patient, which the patient takes home in order to recapitulate and remember the agreement over time. Whether this would contribute to better adherence results needs to be examined in a further study. The exploratory finding that the number of interventions had a significant impact on adherence score (P=0.025) in the emoticon group remains unexplained. No clear trend was notable with this observation (Table 2) . Further studies with larger patient groups are necessary to investigate this. Significantly higher scores were achieved in the TTE group with regard to the perception of risk, while scores in both groups decreased over time. Higher scores in perception of risk mostly arose in younger patients, who seem to react more to the TTE representation of risk, as shown in a previous study, 15 which explains this observation. The slight decrease over time could also have been because patients did not consider the content or consequences of the GP counseling in their daily lives over time. Interestingly, 
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Adarkwah et al the importance of avoiding a cardiovascular event, already high at baseline, had significantly increased at the 3-month follow-up. As such, the SD for importance decreased from baseline to follow-up, most likely due to a decrease in heterogeneity. Why exactly this is the case remains unclear. Nevertheless, our study had some limitations. First, the behavioral change interventions that were discussed with the patients need to be translated into actions over the long term. A follow-up period of 3 months might be too short to capture the total impact of the counseling process. Studies are needed that take a longer time horizon into account, ie, 12 months and more. However, 15% of study participants did not remember the agreement with their GPs at all after 3 months, as already mentioned. We can only speculate that a longer follow-up would lead to an increase in this proportion of patients. Second, no validated instrument was available to capture adherence in this scenario, which is why the authors developed a tool by themselves. Third, we did not generally distinguish between adherence regarding medication intake and adherence with respect to lifestyle changes. It should be considered that there might be a difference in efforts whether patients have to take medication on a regular basis or if they are trying to implement a lifestyle change.
Despite these limitations, we think that our study provides valid estimates regarding the outcome measure. Our study is the first to investigate real patients in the setting of a GP consultation with regard to cardiovascular decisions concerning themselves looking at adherence and various other secondary outcomes mentioned and discussed in detail herein. In fact, issues regarding their own cardiovascular risks and preventive options were discussed and real decisions were taken. Current guidelines criticize the 10-year period for younger individuals. 2 They point out that up to half the adult population have a low 10-year risk (,10%), but a high risk of future events (.39%) over their lifetime. 2, 25 It is pointed out as a "key change" in the new Joint British Societies 3 guidelines that a lifetime-risk approach be adopted in addition to 10-year absolute-risk estimates. This is a crucial and fundamental change that strengthens our study design and line of action. To our knowledge, there is no study available that examines the effect of a TTE risk display on patient adherence to medication or lifestyle changes. There are a few studies available that investigated the effect of decision aids on adherence in general. 26 Three studies found that patients who were exposed to decision aids had higher adherence to treatment than those who had received usual counseling. [27] [28] [29] In another study, patients exposed to decision aids during consultation had lower adherence, 30 while six studies showed no difference in adherence between patients who were exposed to decision aids and patients who received usual care. [31] [32] [33] [34] [35] [36] Other studies have distinguished between different types of adherence. Trenaman et al 37 suggested distinguishing between intentional and unintentional adherence. Moreover, the authors recommend making a difference between adherence to choice (measures the proportion of individuals who choose a treatment at follow-up) and adherence to treatment (measures the degree to which a treatment is being used at follow-up). These aspects should be considered for further validation in future studies to assess the appropriateness of the instrument. According to Trenaman et al, 37 it is difficult to draw conclusions regarding the effect of decision aids on adherence, due to the heterogeneity of how adherence is measured. For instance, in contrast to Trenaman et al and various other studies mentioned, we did not compare the use of decision aids to no decision aid, but rather compared two different ways of risk counseling using the same decision-aid software using different representations of risk: emoticons in one group and TTE in the other group. 
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Adarkwah et al Furthermore, the health literacy of patients was assessed using numeracy as a proxy measure. Health literacy is considered a prerequisite for competence in understanding, assessing, and applying health-related information. 38 This is essential for managing health risks and diseases in daily life and being able to make wellinformed and pertinent decisions. 39 In comparison with usual care, decision aids increased participants' knowledge, as well as the accuracy of their perception of risk, and decreased decisional conflict related to feeling uninformed. 26 Literature on the effect of lifetime-risk predictions with respect to cardiovascular events or disease on patient decision-making is scarce, and has been discussed extensively elsewhere.
14 For the most part, previous studies were not performed in the setting of a GP consultation, and no real decisions were taken.
Previous research has shown some evidence concerning the link between health literacy and adherence. Health-literacy interventions increased health literacy and adherence outcomes. 40 Patients with inadequate health literacy had lower adherence to cardiovascular drugs than those with adequate health literacy. 41 The results show no significant link between numeracy and adherence in our study. However, the study was not designed to examine this issue.
Conclusion
The results of our study show that the illustration of eventfree survival (TTE) is appropriate for cardiovascular risk information and with regard to adherence. According to our results, there was no significant association between the type of risk display and adherence to the previously discussed health interventions. Adherence is a complex construct that is subject to many different influencing factors, such as health literacy, communication skills, the side effects of medication, and many more. 42 Therefore, we recommend offering a more holistic and continuous approach regarding risk communication, ie, regular risk consultations, to show the effect of the chosen treatment options as a motivating factor and to provide patient coaching. Future studies should examine the construct of adherence in further detail, also involving qualitative methods to obtain deeper insights into patient motivation and understanding.
Abbreviations
DMP, disease-management program; GP, general practitioner; OptRisk, Optimizing Risk Communication; SDM, shared decision-making; TTE, time to event.
Ethics statement
The study was performed in accordance with the Declaration of Helsinki and approved by the research ethics committee of the University of Marburg (AZ 167/12, 10/10/2012). We obtained written informed consent from each study participant.
Availability of data and materials
All study data and materials are available upon request. This includes the study version of Arriba and specifications regarding the Markov model.
